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Motivation

The relationships between land cover 
change and hydrological services are 
nuanced and often site-specific

The importance of these services (water 
quality and water quantity) to people in 
developing countries are poorly 
understood



Motivation

We need to link ecological models 
with economic values to better inform 
ecosystem service management

“Too often, ecological and economic studies are 
carried out separately….” Carpenter et al. 2006

“Future research priorities for the valuation of 
hydrological externalities will revolve primarily 
around efforts to encourage multidisciplinary work.”
Aylward 2004



Study Objectives

To link the best available ecological & 
economic data on hydrological services in 
Madagascar in order to:

– Identify the most important watersheds in the 
country for delivering hydrological services 

– Quantify the value of these services to local 
people

– Inform a cost-benefit analysis of expanding the 
country’s protected areas system



Study Background

We focus on land use 
change and sediment 
loads

There is anecdotal 
and empirical 
evidence (Albietz
2006) that 
deforestation 
increases sediment 
load in Madagascar



Study Background

We focus on the linkages 
between sediment and 
irrigated rice production

There is anecdotal and 
empirical evidence 
(Solonitompoarinony 2001; 
Brand et al. 2002) that land 
use change impacts rice 
yields in Madagascar



Methods: Economic 
Valuation

The economic value of 
ecosystem services 
can be quantified 
through a 3-stage 
framework



Methods: Annual Erosion 
Modeling

N-SPECT:
Tool Developed by 
NOAA Coastal 
Services Center

Uses the Revised 
Universal Soil Loss 
Equation (RUSLE) for 
estimating annual 
erosion



Methods: Study 
Area

Rice paddies
(from FTM’s
BD500)

79 Basins
(derived from 
HydroSHEDS)



Methods: N-SPECT 
model inputs

HydroSHEDS
(hydrologically 
conditioned DEM)

R-factor (derived from 
annual precipitation)

K-factor (estimated 
from FAO WSR soil 
and geology maps)



Methods: N-SPECT 
model inputs

Current Land Cover Map
(FTM BD500 map 
reclassified to fit C-CAP 
classification scheme)

BAU Land Cover Map
(conversion of all 
evergreen forest to 
agriculture except NP)

Durban Vision Land Cover 
Map (conversion of all 
evergreen forest to 
agriculture except DV)



N-SPECT results: 
Annual Erosion

Accumulated Sediments 
Current (maximum value 
in a basin in tons)

Accumulated Sediments 
BAU Scenario (maximum 
value in a basin in tons)

Accumulated Sediments for 
Durban Vision Scenario
(maximum value in a basin 
in tons)



Annual Erosion and 
Yield at Commune 
level

Mean Accumulated 
Sediments in 
Communes

Rice Yield in 
Communes



Methods: Economic 
Valuation

No universal (or country-specific) statistic 
exists for how much rice will be lost with an 
increase in sediment
We estimate the following linear regressions 
to see if a relationship exists at the basin level 
(N=79) and at the Commune level (N=1,066):

2) Rice yield = f (Accumulated Sediment)
1) Rice yield = f (Concentrated Sediment)



Results: Economic 
Valuation

Coefficient P-value
Mean concentrated sediment -370,256.5 0.473
Constant 4.17e+07 0.000
N 79
R2 0.2341

Not significant

Mean concentrated 
sediment at basin level



Results: Economic 
Valuation

Coefficient P-value
Max. accumulated sediment 0.0574 0.000
Constant 1.39e+07 0.108
N 79
R2 0.2341

Positive - not expected

Maximum accumulated 
sediment at basin level



Results: Economic 
Valuation

Coefficient P-value
Mean concentrated sediment -1.33e+08 0.227
Constant 5.88e+10 0.000
N 1066
R2 0.0014

Mean concentrated sediment 
at Commune level

Not significant



Results: Economic 
Valuation

Coefficient P-value
Mean accumulated sediment -179.529 0.093
Constant 5.84e+10 0.000
N 1066
R2 0.0027

Non-linear relationship?

Coefficients 
really 
high!

Mean accumulated sediment 
at Commune level

Significant



Methods: Alternative Way

Use a range of parameters to proxy for rice 
loss: 
– Average rice loss of 1% per basin 
– Average rice loss of 10% per basin 
– Average rice loss of 20% per basin

Total original rice in basins: 36,095,704 kg
To estimate economic cost of this loss use 
the 2001 average price of $0.343/kg (from 
the Commune census data)



Results: Economic 
Valuation

Economic value of implementing Durban Vision:
Assume: Total rice saved 

(over all 
basins):

Total economic 
value (over all 
basins):

Per hectare 
value of 
implementing 
Durban Vision

1% average rice loss 
from additional sediment 

+343,305 kg +$9,302,141 ~$1

~$9

~$17

10% average rice loss 
from additional sediment 

+3,433,347 kg +$93,021,412

20% average rice loss 
from additional sediment 

+6,866,093 kg +$186,042,823



Conclusions

Relationship between sediment load and 
rice productivity poorly understood (work 
in progress)
However, this relationship has a big 
impact on the economic value of 
watershed protection
Regardless of the value, more protection 
= less sediment, which has a positive 
influence on rice production



Next Steps

Improve input data (updated land cover map, 
measure R-factor, K-factor, model future land 
cover scenarios)
Quantify the economic value of increased 
sediment load for other watershed services 
(e.g., drinking water, freshwater biodiversity, 
hydroelectricity)
Incorporate this information into a full cost-
benefit analysis for expanding protected 
areas system in the country (with partners)



Thank You!
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